Background: Autism spectrum disorders (ASD) is a common disease and the incidence has been rising constantly. Acupuncture is one of the most widely used complementary and alternative medicine therapies. Despite studies had been done on the effectiveness of acupuncture on ASD children, how factors such as chronological age and the onset pattern influence the effectiveness of the therapy remains unclear. The aim of this retrospective study is to know how symptomatology of ASD alters upon the introduction of scalp acupuncture and how do age and onset type affect the effectiveness of the therapy.
Background
According to World Health Organization, it was estimated that 1 in 160 children is suffering from autism spectrum disorders (ASD) worldwide and the prevalence has been rising over the past 50 years [1] . The diagnosis of ASD emphasizes few essential features, includes reciprocal social interaction, communication, and restricted and repetitive behaviors [2, 3] . In terms of onset pattern, two types of autism can be observed clinically. Children showing abnormal social development and speech delay around 1 year-old are identified as early-onset or natal autism [4] ; while some children might develop normally in the first few years but lose the previously acquired skills upon the onset of autism, are known as regressive or acquired autism [5] .
Since there is no definitive cure for ASD, numerous treatment methods claim to be beneficial to autistic children. Complementary and alternative medicine (CAM) treatments have been commonly used in treating ASD. Study reported that 74% of the children diagnosed with autism use one or more than one type of CAM treatments as they perceive CAM interventions to be safe and natural [6] . Among all the CAM available, scalp acupuncture has been widely used for treating ASD. In common practice of acupuncture, needles are inserted into specific points (acupoints) on the body of the patients. For scalp acupuncture, acupoints along different scalp lines or zones are selected.
Controlled trials on the effect of scalp acupuncture and electro-acupuncture on ASD patients have showed significant improvement in language comprehension and self-care ability [7, 8] . Despite the advantages of acupuncture therapy on ASD children was demonstrated in previous studies, no investigations has currently been made on how age and onset type of ASD influence the therapeutic effect of acupuncture treatment.
Study design
A pragmatic study was conducted in a typical community based outpatient setting, from 
Subjects and methods

Participants
ASD patients who consulted for acupuncture treatment at Hong Kong Baptist University Mr. & Mrs. Chan Hon Yin Chinese Medicine Specialty Clinic and Good Clinical Practice Centre were invited to join the study. Eligibility criteria included children of both gender, aged 2-11 years old, with a current medical diagnosis of ASD by a recognized specialist such as pediatrician, psychiatrist or psychologist. No cut-off exclusion criteria concerning the severity of the ASD symptoms were set.
Therapist and treatment
Both assessment and acupuncture treatments were carried out by principal investigator (Yau Chuen Heung), who is an experienced traditional Chinese medicine practitioner specialized in acupuncture for ASD children for 18 years.
A standardized scalp acupuncture therapy was applied to all participants. Fourteen acupoints were selected based on traditional Chinese medicine theory or functional areas of the brain; including BaiHui (GV20), SiShenChong (EX-NH3), mid line of forehead, lateral line 2 of forehead, posterior lateral line of vertex, primary auditory cortex, and auditory speech area.
Participants were held and positioned properly by their parents. Their scalps were disinfected with 75% alcohol cotton ball, followed by subcutaneous insertions of 0.20 × 25 mm needles obliquely onto the acupoints, into the depth of 10 mm between aponeurosis layer and loose areolar connective tissue layer. Needles were twirled every 15 min for three times with "neutral supplementation and draining method" before all the needles were removed after an hour. Scalp acupuncture treatments were performed twice a week and the whole course consisted of 30 sessions of treatment.
Measurement of outcome
Participants were assessed by a clinician-rated inventory on ASD-related symptoms. In light of Blatt-Kupperman index, we designed a set of rating scale for quantifying symptoms of ASD [9] . By means of a semistructured interview with the participants and their parents, therapist would be able to score a total mark of 20, based on 5 subscale domain items rated on a 5 point scale ( Table 1 ) that reflects the frequency and intensity of the ASD-related symptoms in aspects of social problem, verbal communication problem, behavioral problems, food selectivity and noise sensitivity.
The measurement of the score was administered at the 1st and 30th session of acupuncture treatment.
Participants' past medical history and demographic information was also recorded. Materials concerning the onset of ASD, familial and personal history of allergic diseases were also collected and manipulated. Participants who lose the previously acquired language skills were categorized into regression group, otherwise will be included into the natal group.
Therapeutic effect of acupuncture on ASD patient is evaluated by the effective rate by the following equation:
The overall therapeutic effectiveness is then concluded by categorizing patients into groups of highly effective, effective and ineffective by comparing their effective rate ( Table 2 ). An average improvement of one level across all domains would show the score decrease by 20% or above, which we consider to be a remarkable improvement and states the high effectiveness of the treatment. An improvement of 5% of less represents it has no improvement or only been beneficial in sole domain by a level; therefore considered to be an ineffective treatment.
Statistical analysis
Data analyses were conducted on all treatment responders. An alpha level of 0.05 was used for all statistical tests. The mean score and standard deviation at the 1st and 30th treatment section were analyzed using paired t test. The effect of acupuncture on natal and regressive ASD patients of different ages was evaluated by means of Effective rate = (Total score 1st acupuncture − Total score 30th acupuncture) Total score 1st acupuncture ×100% independent t-test and analyses of variance (ANOVAs). Pearson Chi square tests were used to show the correlation among the type of onset of ASD, personal history of allergic disorder and family history of allergy. All the calculations were performed on software IBM SPSS Statistics (Windows, version 21).
Results
Participant characteristics
Among 68 patients with autism spectrum disorders, there were 11 female and 57 male. Ages ranged from 2 to 10 years old. The oldest child was 10 years and 7 months old while the youngest one was 2 years and 1 month old. 47 (69%) natal autism cases and 21 (31%) regressive autism cases were included.
Comparison of clinical manifestation before the 1st and after the 30th acupuncture treatment on both natal and regressive autism
In the first section, we tried to investigate the effect of acupuncture on ASD patients, and the results are shown in Table 3 and Fig. 1 . Before acupuncture, item of verbal communication problems scored the highest mark with the mean score of 3.06, followed by social problems and behavioral problems scoring 2.50 and 2.34, respectively. While food selectivity and noise sensitivity scored the least marks of 1.85 and 1.71, respectively. The scores of five symptoms decreased after the thirtieth acupuncture, and the improvement is significant (p < 0.05). Among all domains, improvement made on social problems (− 35.9%) and verbal communication problems (− 34.6%) have been most prominent. Other items such as behavioral problems (− 26.4%), food selectivity (− 19.8%) and noise sensitivity (− 12.9%) showed relatively less effective towards acupuncture treatment.
Comparison of the change in clinical manifestation after acupuncture between natal and regressive autism of different age
Verbal communication problems Table 4 shows the data about the communication performance in natal and regressive ASD children of different age. It was found that p-value comparing the score of pretreatment and post-treatment in all ages of natal group was smaller than 0.05; whereas for regressive autism, age groups other than five or above showed a p-value greater than 0.05. Results indicates a general significant More specifically, natal onset ASD children with age of 2 to 3 improved the most and their mean scores were reduced by 1.2-1.0, while the score of 4 years old children decreased by 0.94. The children above 5 years old improved the least and their score decrease 0.5 only. In regressive group, both scores of children of 2 years old and 3 years old reduced by 1.25 and 1.38, respectively while that of children of 4 years old decreased by 0.8. The score of children with age above five reduced a mark of 1.25. Concerning the problems in verbal communication in both natal and regression ASD, we observed a better improvement in children of younger age to receive acupuncture treatment. Table 5 shows the improvement in social problems in natal and regressive ASD children of different age. In natal onset group, p-value of all age groups are less than 0.05. In group of regressive autism, only the p-value of age above five is greater than 0.05, while the remaining groups obtained the value smaller than 0.05. Patients performed significantly better in social interaction after acupuncture treatment.
Social problems
The score of natal ASD children with age of 2 and 3 decreased by 1.38 and 1.15, respectively while the score of 4 year-old children fell by 0.77. With the least decrease, the score of "above 5 year-old" group reduced by 0.50. The pattern of improvement across different age groups in regressive autism group is similar to that of natal group. The improvement in score of children with age of 2 and 3 are 1.00 and 0.87, respectively. The score of children with age of 4 fell by 0.80. The score of children with age of 5 or above reduced the least of 0.50 marks. Table 6 shows how behavior problems changed in natal and regressive ASD patients of different age. In group of natal autism, p-value for the 5 year-old group is larger than 0.05 while the rest of the age groups are lesser than 0.05. On the contrary, no groups obtain a p-value below 0.05 in regressive autism. However, in the calculation, the p-value in paired t-test in regressive ASD regardless of the age group is below 0.05. Therefore, we suggest that improvement in behavioral problems is significant in both natal and regressive autistic children in general, despite it is reasonable to expect that natal ASD individual are more likely to make more remarkable progress in behavior aspect when compared with regressive individuals.
Behavioral problems
As shown in Table 6 , in natal autism group, the score of children with age of 2 fell by 1.00 while that of children with age of 3 reduced by 0.36. The scores of children who are 4 years old and above 5 years old decreased by 0.77 and 0.63, respectively.
Food selectivity
In Table 7 , it shows the data about food selection problems in the patients. p-values of 2 groups in natal autism were smaller than 0.05 and they were the groups of "2 year-old to 2 year-old and 11 months" and group of "3 year-old to 3 year-old and 11 months". The p-value of group "4 year-old to 4 year-old and 11 months" and group of "above 5 year-old" was greater than 0.05. Besides, all p-value of groups in regressive autism cannot show a value smaller than 0.05. Despite the difference within each age groups might not be statistically significant, when we consider the overall p-value across all age groups of natal and regressive group, p-value is below 0.05, indicating an overall significance effect of acupuncture in different onset types.
It shows that the improvement of food selectivity fell with increasing age in natal group. The improvement has been most remarkable in age group of 2 years old with a score decrement of 0.75. The drop in score of children with age of 3 and 4 are both 0.35; followed by that of children with age of above 5 scoring a 0.25-point decrease.
Noise sensitivity
In Table 8 , it shows the score indicating noise sensitivity issues. In the item of noise sensitivity, only p-values of 4 year-old children with natal autism and 3 year-old children with regressive autism were smaller than 0.05 and the p-values of remaining children were larger than 0.05.
For natal group, the score of 4 years old children dropped the most with a descent of 0.41, followed by age of 2 which decreased 0.38. Children with age of 3 score 0.22 less. Sound sensitivity in children above 5 years old shows no changes upon the treatment. In regressive autism group, the score of 2 years old children decreased by 0.75 while 4 years old decreased by 0.4. The score of children with age of 3 and above 5 remains constant after all the treatment sessions.
Overall score and effect
From Table 9 , the overall therapeutic effect of acupuncture on natal and regressive autism along with the age of the patients is observed. P-values of all the groups in both natal autism and regressive autism were smaller than 0.05. Therapeutic effect of acupuncture is significant on both natal and regressive ASD patients of all the age groups. From Fig. 2a , the overall effectiveness of scalp acupuncture on natal ASD patients dropped with the increment of the age. In Fig. 2b shows the overall effectiveness on regressive group is highest at the age of 2, tumbled to the lowest at 3 years old and then retained a slight and steady increase when the patients are older. From Table 10 , among 68 children with ASD, 51 of them had highly significant improvement while 15 of them had significant improvement. Only 2 of them did not have significant improvement. The highly significant rate was 75% and the significant rate was 22%. The total significant rate was 97%.
Relationship between allergy and ASD
17 (25%) participants had shown various degree of allergic disorders such as allergic rhinitis, asthma and eczema, while the remaining (75%) showed not history or relevant disorders. Concerning the family history of allergy-related disease, 29.4% (n = 20) participants' father or mother had a history of respiratory or dermatologic allergic disorder, while the rest of 70.6% (n = 48) participants' parents did not. Figure 3a , b represents the percentage of patients having allergic disorder and Graph Fig. 3c, d shows the percentage of patients having a family history of allergic disorder. By means of Pearson's Chi square tests, the interrelations among family history, personal allergies, and onset type (natal or regressive) were evaluated. Results show a significant correlation between family and personal history of allergy diseases (p = 0.000), and also between family history of allergies and the onset type of ASD (p = 0.000). However, no significant correlation between personal history of allergies and the type of ASD can be statistically drawn (p = 0.293).
Discussion
In the first section, we looked into the baseline symptomatology of the participants before acupuncture treatment. Considering the background score across the measuring domains, we observed that verbal communication problems and social problems showed the greatest improvement while food selectivity and noise sensitivity showed the least progress.
Age is a predictor for treatment outcome. Studies have shown that patients of 5 years old or younger benefit from a more promising treatment outcome from applied behavior analysis treatment [10] [11] [12] . To date, there was no research on how the age of the children affect the therapeutic outcome of acupuncture to ASD. Yet it is well perceived clinically that younger patients are more responsive to scalp acupuncture. Our investigation reassures that sooner the treatment starts; better the therapeutic effect can be achieved. Thus, early intervention of acupuncture is encouraged for ASD patients, especially those with commanding speech and social problems. It is important to state that although therapeutic effect reduces with age, older patients still benefit from acupuncture.
Scalp acupuncture is effective with statistical significance on treating both natal and regressive autism. Our clinical experience tells natal ASD patient generally benefit more from acupuncture than regressions ASD. We manipulated a series of independent t-test to investigate how natal and regressive ASD patients manifest and response to treatment differently. Despite natal ASD patients show a better response to acupuncture on average, the calculation displays no significant discrepancies (p > 0.05) between the two onset types in pre-treatment score or change in score across all items except verbal communication problems. Analysis reveals that that natal group performs significantly better in language use than regressive group (p = 0.021). We therefore reasonably propose that despite successful acquisition of language skills prior to the regression does not provide any protective values; it assists a more rapid re-mastering of precedent learnt abilities or brings about better progress upon effective treatments or recovery.
In the second part of the study, we looked into the relationship between allergy and ASD. Strong correlation between familial and maternal atopic history and ASD had been well-recognized [13] [14] [15] [16] . Furthermore, Molloy [17] revealed familial autoimmune disease such as thyroid disease is a significant risk factor to the regressive onset of ASD. Our investigation hints that familial atopies apart from thyroid disease, such as asthma, rhinitis and eczema, also exhibit similar Fig. 2 a The change in total score on different age groups after 30th acupuncture in natal autism. b The change in total score on different age groups after 30th acupuncture in regressive autism relationships. Thus individual with a family history of allergies are more likely to develop into regressive rather than natal ASD. The reason of late onset of autism remains unclear and we still cannot completely rule out the possibilities that environment factors including vaccination such as measles, mumps and rubella (MMR) shots, might contribute to the occurrence of regressive ASD. On the other hand, we clinically observe abnormal immune response status on ASD individuals. It is demonstrated as a vigorous response to mosquito bites or frequent cold and fever experienced by patients. It is therefore postulated that attenuated immune system might be involved in the onset or the presentation of ASD.
The biological mechanism beneath the working of acupuncture on ASD patients remains unclear. We believed that acupuncture on scalp can stimulate and activate the release of neuron transmitter and therefore assist in "rewiring" the defective neuron pathways. Experiments on mouse models suggested that the stimulation at specific scalp areas can increase the expression of a postsynaptic density protein 95 (PSD-95) and activate nitric oxide synthase (NOS), result in improving learning memory ability and intelligence respectively [18, 19] . Different areas and lines can be drawn on the scalp as a projection of functional areas of cerebrum according to reflexology. For example, midline and the lateral line 2 of forehead are in response to the prefrontal cortex of frontal lobes; posterior lateral line of vertex in response to posterior parietal lobe; auditory speech area is in response to the Brodmann area 22, etc. Acupuncture at these areas was performed in order to stimulate the activity of the corresponding cerebral function.
There are few limitations in the present study. Firstly, 68 patients joined the study and a larger size of sample is more preferable. Secondly, it is desirable to obtain laboratory data such as functional magnetic resonance imaging (fMRI) for spotting any alteration in brain function throughout the course of acupuncture treatment. 
